Objective: Although black/African American individuals are disproportionately affected by type 2 diabetes, there is scant clinical trial information available on antidiabetes therapies in this group. We compared linagliptin with placebo in black/African American adults who were treatment-naïve or receiving one oral antidiabetes drug.
INTRODUCTION
In the United States, black/African American individuals have a greatly increased risk of type 2 diabetes compared with whites, with a prevalence of 13.9% among non-Hispanic black adults (1) . Individuals in this group are less likely to achieve glycemic control targets and are more likely to be affected by complications and comorbidities such as hypertension and renal disease (2) (3) (4) (5) . The cause of this disproportionate burden is likely multifactorial and includes socioeconomic factors, but it may also reflect differences in the pathophysiology of type 2 diabetes, with a possible increased prevalence of insulin resistance (6) . Despite this increased risk, black/African Americans are underrepresented in clinical trials, with the consequence of a lack of high-quality clinical trial information to guide treatment decisions (7, 8) .
It is recognized that racial groups could have different responses to therapy, and the recent Position Statement from the American Diabetes Association/European Association for the Study of Diabetes recommended that pharmacologic agents be individualized using a patientcentered approach (9) . Linagliptin is a once-daily oral antidiabetes drug of the dipeptidyl peptidase (DPP)-4 inhibitor class and has features of particular relevance for African American patients; namely, like other members of the DPP-4 inhibitor class, it does not cause weight gain, but, unlike other gliptins, linagliptin has a nonrenal route of excretion and can be used without dose adjustment, even in patients with renal impairment (10) . In clinical trials to date, linagliptin demonstrated meaningful improvements in glycemia when used as monotherapy or in combination with other antidiabetes agents (11) (12) (13) (14) (15) (16) (17) (18) (19) . However, in the four pivotal phase III trials, <1% of patients were black or African American (13) (14) (15) (16) .
How far these results can be generalized to black/ African American patients is unclear. Recently, a pharmacokinetic study of linagliptin in 41 African American patients with type 2 diabetes showed no clinically meaningful differences from results in white and Asian individuals and confirmed the primarily nonrenal elimination for this population, but the study was not large enough to provide meaningful efficacy results (20) . The current study was performed to elucidate the risks and benefits of glucose-lowering treatment with linagliptin 5 mg once daily in this patient population.
METHODS
This trial was registered as NCT01194830, and the detailed trial design has been published previously (21) . In brief, the trial consisted of a 2-week placebo run-in, after which eligible patients were randomized to linagliptin 5 mg once daily or placebo for 24 weeks, followed by a 1-week safety follow-up. The trial was conducted in compliance with the principles laid down in the Declaration of Helsinki and in accordance with the International Conference on Harmonization Harmonized Tripartite Guideline for Good Clinical Practice. All patients provided written informed consent.
Participants and Study Procedures
The study was conducted at primary care clinics and clinical research centers in the United States. At screening, men and women aged 18 to 80 years with a body mass index (BMI) ≤45 kg/m 2 were eligible if they self-reported their race as black/African American, irrespective of ethnic group (also self-reported as Hispanic or non-Hispanic), had a diagnosis of type 2 diabetes ≥3 months previously, were treatment-naïve or receiving a maximum of one oral antidiabetes drug (stable regimen for ≥10 weeks), and had a glycated hemoglobin (HbA 1c ) level of ≥7.5% and ≤11.0%. Key clinical exclusion criteria were type 1 diabetes or a history of myocardial infarction (MI), stroke, or transient ischemic attack within 3 months before screening; detailed exclusion criteria have been described previously (21) .
After screening, all patients received diet and exercise counseling and entered a 2-week placebo run-in. Patients completing the run-in were randomized in a 1:1 ratio, according to a schedule prepared using a validated pseudorandom number generator by study staff not involved in the trial conduct. The site determined treatment assignment by allocating patients the next lowest sequentially numbered medication kit. At randomization, patients were provided with home blood glucose monitoring equipment and were required to test once daily in a fasting state, as well as at any time they experienced symptoms of hyper-or hypoglycemia. Where blood glucose level was elevated, rescue therapy was initiated according to the following protocol: in weeks 1 to 12, rescue therapy was permitted for patients with a glucose level >240 mg/dL after an overnight fast or >400 mg/dL in a randomly performed measurement; and in weeks 13 to 24, rescue therapy was permitted for patients with a glucose level >200 mg/dL after an overnight fast or >400 mg/dL in a random measurement. In each case, 2 measurements, taken on different days, were required, with one or more taken at the study site after an overnight fast. Patients receiving rescue therapy continued in the trial unless fasting plasma glucose (FPG) levels remained >240 mg/dL despite initiating rescue therapy. The choice of rescue therapy was at the investigator's discretion, excluding other DPP-4 inhibitors.
A subgroup of patients participated in a meal tolerance test (MTT) substudy, with planned enrollment of the first 2 patients from each of the first 25 study sites willing to participate in the MTT substudy (total of 50 patients). The MTT was performed at baseline (before the first administration of study medication) and at week 24 (30 minutes after administration of study drug), as previously described (21) .
Endpoints and Assessments
During the double-blind treatment phase, patients returned to the study site at weeks 2, 6, 12, 18, and 24, and fasting blood samples for efficacy outcomes were drawn at all visits. A central laboratory analyzed HbA 1c and FPG levels using validated assays. The primary outcome was change in HbA 1c from baseline to week 24. Prespecified secondary endpoints were reduction in HbA 1c over time, achievement by 24 weeks of HbA 1c <7.0% or <6.5%, or HbA 1c change ≥0.5%, change from baseline in FPG after 24 weeks, and change in 2-hour postprandial glucose (PPG) in the MTT subgroup. Exploratory outcomes were rescue therapy use, body weight, and waist circumference. Safety was measured using the incidence, intensity, and withdrawals due to adverse events (AEs; coded using the Medical Dictionary for Regulatory Activities, version 14.1), physical examination and vital signs, 12-lead electrocardiogram, and clinical laboratory measures. Hypoglycemic episodes were classified as previously described (21), with episodes requiring the assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions defined as severe. An independent committee prospectively reviewed AEs suspected of being stroke, cardiac ischemia, and all-cause mortality to determine whether they met prespecified criteria for cardiovascular endpoints (nonfatal MI, other myocardial ischemia, nonfatal stroke, transient ischemic attack, or cardiovascular death, including fatal stroke).
Statistical Analysis
Based on an expected standard deviation of 1.1% for HbA 1c change from baseline at 24 weeks (15), a sample size of 103 patients per group was deemed sufficient to detect a 0.5% difference between groups with 90% power. Allowing for an estimated 5% of patients randomized but not treated or without an on-treatment HbA 1c value, the required sample size was 109 for both groups.
Safety evaluations were done on the treated set (all patients receiving at least one study drug dose). The primary analysis was done on the full analysis set (FAS), which included all randomized patients treated with at least one study drug dose, with a baseline HbA 1c measurement, and at least one on-treatment HbA 1c measurement. Missing values at the last visit were replaced by the last on-treatment value; missing values with subsequent present ontreatment values were imputed by interpolation (baseline values were not carried forward but could be used in interpolation). For patients receiving rescue therapy, the last HbA 1c value before rescue treatment was used for analysis. Sensitivity analyses were done using the per-protocol set (FAS patients treated according to essential protocol criteria) and the FAS-completers set (FAS patients completing 24 weeks of treatment and with an HbA 1c measurement at week 24) .
The primary analysis was tested using analysis of covariance (ANCOVA), adjusting for HbA 1c at baseline as a linear covariate and the number of concomitant antidiabetes medications and treatment groups as fixed classification effects. The same ANCOVA model was used for the change in FPG, using continuous baseline FPG as well as continuous baseline HbA 1c values. The proportion of patients achieving HbA 1c goals was compared using logistic regression, with missing data due to discontinuation considered treatment failure. For the MTT substudy, patients with valid FPG and 2-hour PPG values at baseline and week 24 were included in the analysis, but missing values were not imputed nor were measurements after use of rescue medication included. Change in 2-hour PPG was analyzed with an ANCOVA model, with treatment, baseline HbA 1c , number of concomitant antidiabetes medications, and baseline 2-hour PPG as covariates. Other efficacy endpoints were analyzed using descriptive statistics. SAS software version 9.2 was used for all analyses.
RESULTS
The trial was conducted between September 7, 2010 and October 3, 2011. Of 592 patients screened at 93 centers, 226 were randomized and received at least one dose of study drug (Fig. 1) , and 171 patients completed 24 weeks of treatment. Mean exposure for randomized patients was 140 days for placebo and 143 days for linagliptin.
Baseline characteristics were well balanced for the 2 groups ( Table 1) . Use of concomitant therapies at screening was also similar for the groups, with most patients using antihypertensive drugs (65.8% placebo; 64.2% linagliptin). Hypertension was the most common concomitant diagnosis related to diabetes (72.1%), whereas other concomitant diagnoses were less common, with 5.8% of patients having a diagnosis of coronary artery disease.
In the primary analysis, treatment with linagliptin was superior to placebo for adjusted mean change in HbA 1c from baseline to week 24 (Table 2) , with an adjusted mean difference of −0.58% (95% CI, −0.91 to −0.26%; P<.001). Results were confirmed by 2 sensitivity analyses. In the per-protocol set, the difference between groups in adjusted mean change in HbA 1c from baseline at 24 weeks was −0.54% (95% CI, −0.90 to −0.18%; P = .003); in the FAS completers, the difference was −0.47% (95% CI, −0.82 to −0.12%; P = .008). Adjusted mean HbA 1c values over time for the 2 treatment groups showed statistically significant differences at all timepoints (Fig. 2) .
When patients were stratified by baseline HbA 1c level, significant reductions were seen across categories of baseline HbA 1c , with larger reductions in patients with higher baseline HbA 1c (Fig. 2) . When the patients were stratified by age group or BMI, there were no significant differences among subgroup categories in change in HbA 1c from baseline, although the number of patients in the older age groups may have been too low to detect a difference (Fig.  2) . The number of oral antidiabetes drugs at baseline had no effect on the change in HbA 1c from baseline (data not shown).
In the analysis of the proportion of patients achieving specified HbA 1c goals, patients were excluded if their baseline HbA 1c value was already at goal. At baseline, no patients had an HbA 1c value below 6.5%, whereas 2 patients (1 in each group) had an HbA 1c level below 7.0% and were thus not included in the analysis set. Among patients with baseline HbA 1c ≥7.0%, 9 of 108 patients (8.3%) in the placebo group and 26 of 97 patients (26.8%) 
001).
After 24 weeks, the mean change from baseline in FPG was larger with linagliptin than placebo but did not meet statistical significance ( Rescue therapy was required by 17 of 110 patients (15.5%) in the placebo group and 8 of 98 patients (8.2%) in the linagliptin group (OR, 0.5; 95% CI, 0.2 to 1.3; P = .14). There were no apparent differences between the 2 groups with respect to change from baseline in body weight (mean ± SD, placebo: −1.1 ± 7.6 kg; linagliptin: −1.1 ± 3.8 kg) or waist circumference (placebo: −2.4 ± 10.7 cm; linagliptin: −1.1 ± 20.8 cm).
The overall safety profile of linagliptin was similar to that of placebo (Table 3) , and most AEs were of mild or Fig. 1 . Study overview. a Includes patients who discontinued due to hyperglycemia. The treated set included randomized patients who received at least one dose of study drug. The full analysis set included randomized patients who received at least one dose of treatment, had a baseline glycated hemoglobin (HbA 1c ) measurement, and had at least one on-treatment HbA 1c measurement; patients with no on-treatment values before rescue medication use were excluded. moderate intensity. The rate of discontinuation due to AEs was low, and no patients discontinued due to drug-related AEs. During the treatment period, there were no deaths, few serious adverse events (SAEs), and no SAEs considered to be drug related. The overall number of AEs considered drug related by the investigator was also low. As part of the wider clinical trial program for linagliptin, all suspected major vascular events were reviewed and adjudicated by a blinded independent expert committee. In this study, 1 patient, in the linagliptin group, had an adjudicated major vascular event (a nonfatal MI, not considered drug related). There were no clinically relevant changes in blood pressure, heart rate, renal function, lipid measurements, or other standard laboratory parameters.
The overall incidence of hypoglycemic events was low: 1 patient in the placebo group and 3 patients in the linagliptin group experienced an investigator-defined hypoglycemic AE. All 4 patients were on background therapy (the placebo-group patient and 2 linagliptin-group patients were receiving metformin; 1 linagliptin-group patient was receiving a sulfonylurea). All events were considered mild, only 1 episode (in the linagliptin group) was symptomatic, and no patient had a severe hypoglycemic episode. Abbreviations: BMI = body mass index; FPG = fasting plasma glucose; HbA 1c = glycated hemoglobin. a Full analysis set, placebo (n = 110), linagliptin (n = 98). b Full analysis set, placebo (n = 107), linagliptin (n = 97). c Renal function based on estimated glomerular filtration rate (eGFR) calculated using the Modification of Diet in Renal Disease equation: normal renal function, eGFR ≥90 mL/min/1.73 m 2 ; mild renal impairment (RI), eGFR 60 to <90 mL/min/1.73 m 2 ; moderate RI, eGFR 30 to <60 mL/min/1.73 m 2 ; severe RI eGFR <30 mL/min/1.73 m 2 ; no patients in the study had severe or end-stage RI; renal function data were not available for 11 patients in the placebo group (9.2%) and 4 patients in the linagliptin group (3.8%).
DISCUSSION
Despite the need for improved treatment for black/ African American patients with type 2 diabetes, this group is frequently underrepresented in clinical trials of antidiabetes therapies (22, 23) . This study is the first randomized, controlled trial of linagliptin focused on this patient group, and, to our knowledge, this is also the only study for a DPP-4 inhibitor conducted exclusively in black/African American patients.
The reasons for the high risk of type 2 diabetes in black people in the United States are not fully understood, although there is good evidence that socioeconomic factors and genetic profiles are involved (24) (25) (26) (27) . Similarly, the reasons for the higher burden of complications compared with whites are also not defined. On average, African Americans diagnosed with type 2 diabetes have higher HbA 1c levels than non-Hispanic whites, yet reported differences account for only a proportion of the increased risk of complications (28) , and there is evidence that African Americans are at risk of complications at lower HbA 1c levels (29) . Indeed, the validity of using HbA 1c levels for comparisons between racial groups has been questioned, with evidence that African Americans have higher rates of glycation compared with whites (30) . At present, this remains a controversial area, and evidence regarding racial differences in change in HbA 1c (as opposed to cut-points) is unclear.
Therefore, while the American Diabetes Association has recommended further research, recommendations to use HbA 1c levels as the basis for management of hyperglycemia, for all populations, are currently unchanged (31) . Hence, focus on achieving HbA 1c targets is central to the management of diabetes in black/African American patients, as in all racial groups (9, 31, 32) . In our study of black/African American patients with type 2 diabetes, linagliptin 5 mg/day gave clinically meaningful reductions in HbA 1c levels. Significant reductions were seen at the first measurement, after 6 weeks, and were maintained throughout the trial, consistent with results observed in previous clinical trials (33) .
Linagliptin acts to reduce hyperglycemia by raising levels of endogenous insulin in response to the presence of glucose in the gut. Consequently, significant reductions in PPG are expected, and these predicted reductions have been observed in previous studies of PPG with linagliptin (15, 16) . It is therefore unfortunate that in the PPG substudy of the current trial, very few patients had valid measurements for analysis (11 in the placebo group and 10 in the linagliptin group, of a planned sample size of 50 patients), making interpretation difficult. The confidence intervals around the mean difference between groups were very wide, and although a larger reduction in PPG was seen in the linagliptin group, the difference did not meet statistical significance. However, it is impossible to draw any conclusion regarding potential differences in the mechanism of action of linagliptin in this patient group, and it seems more likely that the substudy was simply underpowered to detect a difference between groups. In the current trial, linagliptin was also well tolerated, and the safety profile was consistent with that observed in previous studies, with no new safety signals seen in this population. In line with previous findings, linagliptin treatment was associated with a low rate of hypoglycemic events, and there were no severe hypoglycemic events requiring assistance (20) .
In addition to controlling hyperglycemia, weight and obesity are recognized as particularly important in the management of black/African American patients with type 2 diabetes (34). It is therefore noteworthy that linagliptin was weight-neutral in this trial, with no change in waist circumference, confirming findings in other ethnic groups. About two-thirds of patients in the trial were classified as obese, and reductions in HbA 1c with linagliptin treatment were similar for obese and nonobese subgroups. Of further potential relevance for black/African American patients, who have higher rates of chronic kidney disease and endstage renal disease, is the fact that linagliptin has a predominantly nonrenal route of excretion and can be used without dose adjustment in patients with any level of renal impairment (35) .
CONCLUSION
In conclusion, among black/African American patients with type 2 diabetes, linagliptin 5 mg once daily provides clinically meaningful improvements in glycemic control, consistent with results seen in other populations. Furthermore, linagliptin has a good safety profile, with a low rate of hypoglycemic events and no change in weight. Linagliptin therefore appears to be an effective treatment option for black/African American patients with type 2 diabetes. Abbreviations: AE = adverse event; SAE = serious adverse event.
a Patients with at least one adverse event.
b SAEs in the placebo group were food allergy, pneumonia, and angioedema in 1 patient and musculoskeletal chest pain in 1 patient. The 1 patient with a SAE in the linagliptin group had nonfatal myocardial infarction and bronchitis. During the posttreatment period, a SAE was reported for 1 additional patient in the linagliptin group (large intestine perforation and septic shock). c AEs that led to premature discontinuation of study medication in the placebo group were reported as diabetes mellitus in 1 patient, type 2 diabetes mellitus in 1 patient, and urticaria in 1 patient; in the linagliptin group, they were nausea and vomiting in 1 patient and urticaria in 1 patient. d Two of the events of special interest were considered drug-related by the investigator; one hypersensitivity reaction (urticaria) in the placebo group and one hepatic AE (hyperbilirubinemia), also in the placebo group.
